Sleep-disordered breathing (SDB) is a condition of 5 or more episodes of decreased or arrested respiratory airflow in an hour during sleep. It may cause nocturnal hypoxemia and subsequent arousals from sleep, and is associated with the development of hypertension and symptoms such as excessive daytime sleepiness or reduced vigilance [1] [2] [3] [4] . Thus, screening for SDB in occupational health can be considered important for protecting workers from occupational accidents and future cardiovascular disease 4, 5) . The test for SDB using a pulse oximeter is recommended for SDB screening from the point of view that it provides objective data, whereas assessments based on the results of the self-administered questionnaires can be less reliable 5, 6) . We reported that pulse oximetry was easy to use as a screening device for workers, and sleep apnea syndrome (SAS) screening by pulse oximetry was highly effective for detecting individuals with moderate to severe SAS for whom continuous positive airway pressure therapy was indicated. In addition, we reported that the characteristics of moderate to severe SAS patients who were identified by pulse oximetry were obesity, relatively older age, witnessed snoring or apnea, urination during the night, and their Epworth sleepiness scale 7) score was high 6) . Other than age and obesity, it has been pointed out that craniofacial abnormalities including mandibular/ maxillary hypoplasia and increased pharyngeal soft or lymphoid tissue including tonsillar hypertrophy are the predisposing factors of SDB 3) . However, the relationships between these physical findings and the results obtained from pulse oximetry are not known. The elucidation of A total of 353 male workers who complained of SDB related symptoms such as witnessed snoring, recurrent awakening from sleep, urination during the night, morning headache, and excessive daytime sleepiness were included in the analysis. We examined hyoidmental distance (HMD), modified Mallampati score (MMS), and the narrowness of the pharynx with tonsillar hypertrophy as the predisposing physical findings of SDB. We used the number of 3% or more oxygen desaturation events per hour (ODI3) as the indicator of SDB. The mean values (S.D.) of all subjects were 44.3 (8.9) yr (19-66 yr) of age, and 25.9 (3.8) Kg/m 2 body mass index (BMI). A significant difference in ODI3 was found between the HMD classes, and also between the subjects with and without tonsillar hypertrophy. Mean ODI3 adjusted for age, BMI, and alcohol consumption on the day of monitoring was high in the group of short HMD and the group of tonsillar hypertrophy (+). For MMS, though ODI3 did not appear to be significantly different, mean ODI3 was high in the MMS-IV. In conclusion, short HMD and tonsillar hypertrophy are the important findings predicting SDB identified by pulse oximetry. These findings would be beneficial in the workplace for selection of subjects who should be encouraged to undergo pulse oximetry for detection of SDB.
(J Occup Health 2007; 49: [461] [462] [463] [464] [465] [466] these relationships would be beneficial in the workplace for the selection of subjects who should be encouraged to undergo pulse oximetry for the detection of SDB. We examined the relationships between physical findings as predisposing factors of SDB and pulse oximetry results as an indicator of the severity of SDB.
Methods

Subjects
At our health care center, we carry out routine health check-ups based on the Japanese Industrial Safety and Health Law for about ten-thousand workers engaged in transport (about 8,300 workers), construction (about 150 workers), retail (about 1,200 workers), and security (about 350 workers) every year. The workers who complain of SDB related symptoms such as witnessed snoring, recurrent awakening from sleep, urination during the night, morning headache, and excessive daytime sleepiness in their health check-up are instructed to undergo an examination by pulse oximetry to detect SDB. Six hundred and ninety-one workers undertook this examination during the study period from April 2002 to August 2006. Of those who had an examination, 353 workers were randomly selected by one examiner for evaluation of physical findings such as mandible and oral cavity conditions before the pulse oximetry, and these 353 workers were included in the analysis. We restricted the subjects to men because the prevalence of SDB in women is less than in men 8) , and for the exclusion of gender bias. Other exclusion criteria were abnormal lung function, cardiac failure, and upper airway abnormality. Subjects were also excluded if they were receiving medical treatment for SDB. The subjects were office workers (125 workers), drivers (55 workers), engineers (106 workers), sales workers (12 workers), and service workers (55 workers), including night-shift workers.
We conducted the pulse oximetry and the examination for the evaluation of the physical findings as part of our occupational health activities. The use of screening data in this epidemiological study was approved by the Safety and Health Committee of each workplace. The significance, method, freedom to drop out of the test, and data handling were fully explained to the subjects, and written informed consent was obtained from all subjects.
Evaluation of physical findings (Figs. 1 and 2)
To evaluate the mandible protrusion, we measured the distance from the hyoid bone to the mental prominence (hyoid-mental distance: HMD) 9) (Fig. 1) . The same examiner measured the approximate HMD by using his fingers. The criteria for classification were as follows: HMD-I, less than 2 fingers (about 3.7 cm); HMD-II, 2-3 fingers (about 3.7-5.5 cm); HMD-III, more than 3 fingers (about 5.5 cm).
An assessment of the oral cavity was carried out based on the modified Mallampati score (MMS), and an assessment of the narrowness of the pharynx with tonsillar hypertrophy was carried out based on the classification of tonsil size; both were described by Friedman et al.
9)
The MMS is based on the finding that visualization of the oral cavity is impaired when the base of the tongue is relatively large. The assessment was made with the subjects sitting upright, with the head in the neutral position, the mouth open as wide as possible without protrusion of the tongue and phonation. The observer sat opposite at eye level, and inspected the pharyngeal structures with a pen-light. The MMS is classified as follows: Class I, fauces, uvula, pillars, soft palate, and tonsils are clearly visible; Class II, fauces, uvula, upper part of pillars, soft palate, and upper part of tonsils are visible; Class III, only part of the soft palate is visible and/or the base of uvula is slightly visible; Class IV, soft palate is not visible at all 9) (Fig. 2 ). Tonsils were evaluated in MMS-I or MMS-II, as the assessment was made without using a tongue depressor. Tonsil size was graded as follows: Grade I, tonsils were in the tonsillar fossa, barely seen behind the anterior pillars; Grade II, tonsils were visible behind the anterior pillars; Grade III, tonsils extended three quarters of the way to the midline; Grade IV, tonsils were completely obstructing the airway, also known as "kissing" tonsils 9) . We evaluated the tonsil grade I as tonsillar hypertrophy (-), and the tonsil grades II-IV as tonsillar hypertrophy (+) (Fig. 2) . Because the Mallampati score 10) , which is the origin of the MMS, is used as a method to predict the difficulty of tracheal intubation by an anesthesiologist, an anesthesia specialist (first author) examined all the subjects.
Pulse oximetry
Overnight pulse oximetry for an assessment of SDB was performed at home using a portable pulse oximeter (PULSOX-M24; Minolta, Osaka, Japan). This device can measure and record continuously the oxygen saturation of a peripheral artery (SpO 2 ) during sleep. No specific limitations on daily life including a ban on alcohol consumption were imposed on the monitoring day. The data stored in the memory of the pulse oximeter were processed using appropriate software (DS-M Ver. 3.0; Minolta, Osaka, Japan). The number of oxygen desaturation events per hour (oxygen desaturation index: ODI) was obtained by the pulse oximetry. We used the ODI of 3% or more oxygen desaturation (ODI3) as the indicator of severity of SDB.
Statistical analysis
Relationships between ODI3 and HMD, MMS, and tonsillar hypertrophy were assessed using analysis of covariance. We examined the following variables as covariates: age, BMI, and alcohol consumption on the day of monitoring. The Bonferroni test was also used for multiple comparisons of mean values of ODI3 among the HMD and MMS classes. Since the distribution of ODI3 was skewed, logarithmic transformation was performed before analysis and the geometric mean was reported by back transformation.
For statistical analysis, an appropriate software package (SPSS 14.0 regression model for Windows) was used. Table 1 shows the characteristics of all subjects and their subgroups of HMD and MMS. The mean values (S.D.) and prevalence of characteristics among all the subjects were: age 44.3 (8.9) yr (19-66 yr), BMI 25.9 and Tonsil size were graded by the method described by Friedman et al 9) . Tonsils were visible when MMS-I or II.
Results
(3.8) Kg/m 2 , current smokers 45.1%, current alcohol consumption of one or more times per week 80.2%, hypertension 28.4%, and diabetes mellitus 3.4%. The numbers of subjects in each group of HMD were 7 for HMD-I, 134 for HMD-II, and 212 for HMD-III, and the numbers of subjects in each group of MMS were 96 for MMS-I, 101 for MMS-II, 132 for MMS-III, and 24 for MMS-IV. Table 2 shows the geometrical mean values of ODI3 adjusted for age, BMI, and alcohol consumption on the day of monitoring according to each group of HMD, MMS, and tonsillar hypertrophy. A significant difference in ODI3 was found between the HMD classes in the analysis of covariance. In the results of the Bonferroni test for multiple comparisons between the HMD classes, the mean value of ODI3 in HMD-II was significantly higher than in HMD-III. Though significant differences were not found between HMD-I and HMD-II, and HMD-I and HMD-III, the ODI3 in HMD-I was the highest of all the three groups. For MMS, though ODI3 adjusted for age, BMI, and alcohol consumption on the day of monitoring was high in MMS-IV, there were no significant differences in the analysis of covariance and the Bonferroni test among the MMS groups. The mean ODI3 adjusted for age, BMI, and the alcohol consumption on the day of monitoring was significantly high in the group of tonsillar hypertrophy (+). 
Discussion
This study, in which relatively obese subjects were included, elucidated a high ODI3 in the subjects with short HMD (HMD-I, II) and tonsillar hypertrophy among male workers with SDB related symptoms.
We used ODI3 as an indicator of severity of SDB in this study. SDB is defined as an apnea hypopnea index (AHI) of 5 or higher 3, 8) . The respiratory disturbance index (RDI), calculated as the sum of total events (apnea and hypopnea) per hour, also defines SDB 9) . Nakamata et al. reported that the correlation for patients with suspected SAS between the ODI3 and the AHI was 0.94 (p<0.00001) by synchronous overnight recording of both pulse oximetry and polysomnography in a hospital 11) . Although they pointed out desensitization of pulse oximetry in the subjects with lower BMI, they also reported about the validity of the ODI3, and that the sensitivity and specificity for detecting AHI of 20 or more using a cut-off point of ODI3=15 were 85% and 100%, respectively 11) . We also reported a statistically significant correlation between the ODI3 obtained in our screening carried out in the workplace and AHI which was subsequently obtained from hospital examination (correlation=0.61) 6) . In addition, our previous screening using ODI3=15 as a screening diagnostic criterion for SAS was highly effective for detecting patients with moderate to severe SAS with AHI of 20 or more for whom continuous positive airway pressure therapy was indicated 6) . Recently, the validity of ODI3 as an indicator of severity of SDB was admitted in some reports 2, 12) . Retrognathia is known as a risk factor of SAS 3) , especially for Asians, and the participation of craniofacial bony structure abnormality has been pointed out in some reports [13] [14] [15] . However, no standard way of evaluating retrognathia and no normal values regarding the dimensions of the normal mandibular exist in the literature. We measured HMD as an evaluation of retrognathia in the present study. Because the locations of the hyoid bone and the mental prominence are not apparent, especially for obese persons, and inferior and anterior displacement of the hyoid bone in obese SAS patients were reported 15) , palpation is indispensable for examining the exact location of the hyoid bone and the mental prominence. Furthermore, unfortunately, as close examinations using radiographic and magnetic resonance imaging techniques, for example cephalometry, are not easily available in the workplace, we examined HMD by palpation, a simple practicable method even in the workplace. One examiner measured HMD, and then classified it into three groups according to the size of his fingers as follows; HMD-I, less than 2 fingers (about 3.7cm); HMD-II, 2-3 fingers (about 3.7-5.5 cm); HMD-III, more than 3 fingers (about 5.5 cm). Using a measuring tape would make it possible to evaluate HMD more accurately. To our knowledge there are no previous reports which mention the relationship between SDB and HMD, with the exception of a report on 172 patients (110 men and 62 women) suspected of obstructive sleep apnea (OSA) in the United States as described by Friedman et al. They reported that the mean HMD (± S.D.) was 48.66 ± 10.77 mm, and the correlation between HMD and RDI was 0.068 which was not significant 9) . On the other hand, in our results, a significant difference in ODI3 was found between the HMD classes, and the mean ODI3 adjusted for age, BMI, and alcohol consumption on the day of monitoring was high in the group of short HMD. We think it might be appropriate to consider the skeletal difference between the sexes in examination of HMD; women were not included in our study in contrast to the study by Friedman et al. which covered the patients suspected of OSA regardless of gender. The difference between the previous study and the present study regarding the relationship between SDB and HMD might be found according to this difference in the subjects. Furthermore, Sakakibara et al. pointed out in their report, craniofacial bony structure abnormalities may play a more important part in the pathogenesis of OSA in Japanese patients than in Caucasian patients 15) , thus it is possible that this supports the relationship between HMD and SDB which we found in the present study of Japanese male workers. Our results suggest that a relatively short HMD (shorter than about 5.5 cm) is a predictive factor of SDB in Japanese men. Especially for the group with HMD-I (shorter than about 3.7 cm), though significant differences were not found between HMD-I and others, the ODI3 in HMD-I was the highest of all the three groups. Esaki reported that retrognathia was a morphological characteristic of Japanese patients with SAS 16) . We think further investigation with a larger number of subjects is required to elucidate the relationship between HMD<3.7 cm and SDB.
In this study, we evaluated the tonsil grades II-IV, which were described by Friedman et al., as tonsillar hypertrophy (+), because the tonsils were hardly visible in grade I and the differences between tonsil grade I and the other grades were clear. Although the subjects were restricted to MMS-I and II, in which tonsillar hypertrophy was visible without using a tongue depressor, ODI3 was significantly high in the group with tonsillar hypertrophy. Friedman et al. also reported that the RDI was higher, with more than 30 per hour in groups with tonsil grades more than II, than the RDI in tonsil grade I, in patients suspected of OSA. Concerning the relationship between tonsillar hypertrophy and SDB, they also described a statistically significant correlation was found between tonsil size and the RDI 9) . Tonsillar hypertrophy has also been described as a predisposing factor of SDB in a review 3) ; thus, it is recommended to evaluate tonsillar hypertrophy in SDB screening at the workplace.
The Mallampati score is a method for evaluating the relationship between the tongue and the oral cavity 10) . The enlargement of the tongue in obese patients with SAS has been reported 16) , and MMS may be high in obese subjects. In the present subjects, the BMI in MMS-IV was significantly higher than that in the other MMS groups (Table 1; significant difference is not shown). The effect of BMI on the relationships between MMS and ODI3 is considerable. MMS was described by Friedman et al. who examined the oropharynx without protrusion of the tongue, which they considered more related to the physiological state during sleep 9) . They also reported that a significant correlation was found between RDI and MMS among patients with suspected OSA, and the RDI was especially high, more than 40 per hour, in MMS-IV 9) . In this study, though a significant difference was not found among MMS groups with ODI3, ODI3 in MMS-IV was higher than in the other MMS groups, which shows much the same pattern as the results described by Friedman et al. In addition, Liistro et al. concluded that a high Mallampati score represents a predisposing factor for obstructive sleep apnea syndrome, especially for patients with nasal obstruction, based on the findings of their study conducted among patients with suspicion of SDB 17) . Further investigation with a larger number of subjects and with consideration of the existence of complications are required to elucidate the role of MMS-IV as a predisposing factor of SDB.
In conclusion, short HMD and tonsillar hypertrophy were the important findings predicting SDB identified by pulse oximetry. These features/items can be easily assessed even at workplaces and would be beneficial for the selection of subjects who should be encouraged to undergo pulse oximetry for detecting SDB. Moreover, HMD and tonsillar hypertrophy could be used as an auxiliary means of screening at workplaces where pulse oximeters are not available. It is difficult to examine all employees in a short period by pulse oximetry. We think that our findings will be beneficial to the efficient conduction of SDB screening and will contribute to the prevention of SDB related diseases or injuries.
